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ABSTRACT : 

PROBLEM TO BE SOLVED: To quantitatively measure bone density by 

setting an 

interest area in an X-ray image of an acquired bone, dividing this 
interest 

area into plural blocks, and setting an average gray level of pixels 

of the 

respective bloclcs and a value by releveling the average value as a 
bone 

trabecular index. 

SOLUTION: When diagnosing simple X-ray osteoporosis, first of all, 
after 
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obtaining a simple X-ray image of a wrist radius of an examinee, an 

interest 

area is set. This interest area is divided into plural blocks 
including plural 

pixels, and a gray level of the respective blocks set so that the 
lowest gray 

level becomes 0 and the highest gray level becomes 255 is linearly 
adjusted to 

the pixels. Next, a bone trabecular pattern is analyzed, and a 

change in the 

bone trabecular pattern by the extraction of calcium is 
quantitatively 

determined to obtain a bone trabecular index. That is, an average 
gray level 

is arithmetically operated on the respective blocks in the interest 
area to 

determine a releveled value of the average gray level to the whole 

blocks to 

set this value as the bone trabecular index. 
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*^X»B« (X-ray iiBge) ^IRftl-S^l X-f^r 

±ax«a«tK'i:^«^^^«.ii2xx)'rt . 

#t:^-fe;KiO^^U-- UKfU (gray level) SrSlttt'S 
||4XT->'rk. 10 

[iS^2] ±S^2Xx;'rtt, 
jEfirJB (square) *»/5,^rS±Sil'i:v|i«iSt^SX-r 20 
-/rk. 

a. 

/J>tt« (trabecularline) (7)fSmmmi^fb^i>^ 

k-sti-s c k imikti>mm i ws&<^'t^^^9 
-y^mmtti-w^^wm^nm. 3o 

-yi^iznthi/U- ■ UK/U^Wmm (Unear funct 

ion) ■c3mt^x7'yrit:ttzki:mLk•ri>m^ 

[m^5 ] ±mWii. (distal radius) "C* 

m. 

im^mS} ±M-W\i. a-t (calcaneus) ThhZ 40 
[it««7] UMKi. T** (landible) VfytZ 

k i:mkk-rm^ i 

(target trabecularindex) ^fflfflLT -y h"^^ 
& (target bone uneral density) ^SI^S^^ 

1iRO^g*<0X»B»i&JR#-r&m 1 Xx -yr k . 
JJBXaB«t:«Roi»C>««^ift^S3^ 2 XT y r 
k. 50 



1^2 00 0-24 57 22 

2 

#88'l>P«t:ffiK-r6'f/h«§S*i^SSg3X7^«y 
rk. 

ISrmm^ (bone densitoKter) *f!lfflLT#«*0# 

mm^m^-thmAx^yrk. 

±M'W^t<&imk±si-9m<^ffimmiJmti> 

%5x^vrk. 

J:™SBi«R*»<5>^-y<y Ml (target bone) OjJE 

^'-y-y ^•g'/J^^m^^l!ffltT±ffi^'-^'•y vk^^ 

^ffl^SHexr -y r i: S-^t? i k ^^kf 
[ii^9l ±Em2XT>yrtt, 
±axeB»<^/J^«<o:/^i{iik iE:/r)B<0-2co^$ k 

^-^%^hx=rf~rk^'^zk^^k'^hmm. 
liwaiioj J:EiS3xx-/r{±. 

J:£B8't«ai&«a<0 t^-b;P$^#«^tf^<orn -y 
^'tc^^iW-SmTXT-zTt. 

• V-^^SISC^SHSXx-y:^ 

f:, 

rg-T-p .y ^ co^j^^i^- . v^V^^-fhW. 1 0 Xf- 
■yrt, ±E«Rcoyo-y^'tiiN-STi^S-S¥*^U 

x^mkm^'\^^Wimc^-ti>%\\x^yrk 

mm\\\ JJB?B9XT-y7-tt. iBgHIJia (li 
near regression) ^if!lffltT±^/lNffl^iJ:t/^Jh 

mikm'm<rmmmi&^hXT-^r^istsz.k 

[11^12] iJBIB5XTyr«, 

m^i:jmthxy-vrk. 

[ff^ 1 3 1 ±£#^0 y JiXSamt^iT^t 

wsLk^hmmi oi2a<o*/jNffl§«*flfflLfciMf 



[I9*«l 41 ±IB»9XT<y7-|i. ^^U- • VKA' 



(3) 



im^mi 51 imnc^ymii. (distal radiu 
imm 1 6 1 JiS-^tOg+Ji, Bf - (calcaneus) 

[19^18] •W'i^^'^^-yi:mmLx-§^mfm 
y^iz^mrtmsimb, 

^jiS-t/j^st Lxm^-thm7WLmbi:m^$it 
itin>ff)ruy7Ai:miLt:zbii^SLb-ri>^yi: 
jL-^xm^tii'tzbffyc^ hmmm, 

^<o*s*ox«B«^ ]R#-rsm 1 «Slgt . 
±MxwmwnzmsL<om'tmmm^tm2mmb . 

b. 

±Miw^t^mb±M'W^&<mcom(jmivm'rt 



b. 

hm&b. 
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[00011 

imfomtimm] *mkt'^A'^^-<^-y (tr 

abecular pattern) Srffffl L:^'&/N6^^ (trabecular 
index) Wi^::^iSiX/^& (bone nneral densit 

[00021 

[S!j|»^«cffil HKniC. -i^Wm (osteoporosis) li 

[0 00 31 L*»L. •i«it®)IBWfcJijt$*S'tffliK 

[00041 'i«ffil±#5ES£^M^S3fefcJ:S tiO 

^m:mimi^tii:i, mer^i^^sm^mbLx 

X«| (X-ray) tfcttfifeli® (nuclear source) SrWffl 
L>t:^l&7illRti^i£ (dual photon absarptionietor) 
ifiS)h, *^lWRtt«l^jEiIgE^ (accuracy erro 

r) mmFT-ifes. ay\f^-i^mmw^ 

(coiputed tonography) liSd&tS^'Wm^^b . 
(cortical bone) i}Xtfi0$'W (trabecular bo 

ne) mmm&^im-th. t*»L^n&«<i.. tmvtii 

oxhtri&mbi-l. 

[00051 i^jRW^ri-iO^^KS (■echanical str 
ength) ii^SKDA'^ (cortical part) fci-^Ti 
liZ^^ilh. fm^ (trabecular bone) {i-i-iO*^ 

mkT^tbi^dzbiwmth. mi^-wcc^ 
itimk-rtiibx^wmcrmmmmmb^j:^. 
zc/ito^swm^iy. mmmsxmm (x-ny ieg 

e) ^m>ix.t'^A^-i^—y (trabecular pattern) 

[00061 mmsL(ni9rfi^^^^-y'C(/mi,i:m. 

'thtl>bi^Smm(^&&im (SavUle index) H 



5 

xr/^mn^A-^f^m (sin«h's index) mm^ti 



(4) 
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:Ltl^(^mimS3m'^ (latemal luiber spin [0012] ±Mm<^mim^hfcibtzm<7) 

e) tixr/:kmw (four) ±uff)xim9n:mi>tit^ m\i. ^*Mif'ii^->mmLx^^M^m^m:t 



[ 0 0 0 7 1 S fe. 3>ea-:J'^S^fcH»«S-e, fc , ±Mim€^imL<0\:ii'-t)Ui^^iitsmL<^y 

^V- • I^'^HStfh (gray level statistics) . U^^^\iL^m^h%^m&.t. #e^-tn^^^P- ■ V 

SH^'f >'^«f (frequency domain analysis) tJilX ^/l^^SISC-f 5ll4»lilfc . iSJgPiaSrfilffl LT«-:/o 

75^^ ^';PiJOn^#f (fractal dioension analysis) ffi -y ^'t:*tt&±E10S<^t^-fe^W<O^^W- • W'<7l'^P 
J:d^r^«^:aill«FSrSi^ (textural leasure) Ifi^^^ 10 SrS^5«igfc, ^:fUf9<ni^nirv- • 

[00081 I. 

[ 0 0 0 9 1 *l&BB{i, ^'i^mt:mmLX^ nsitoneter) *fi|fflLT#S*0'i'?gK^a!l^Sm4 

[00 101 imiiLt:a>\fA-i!^xm7i.iii-i-zb<7)x^h§mm 

tc*|gHH«, 3 y ea-^'-e<^/h«&Sg«^rafc:iJ [00141 

v^T. •i'C0X«B®^Jimt-|.ISlXr«yrf:. IBX 30 [IM8collit<^»Sl WT, tSftLfcBiB^#jaU-C* 

1B«*. ^<oif^'-fen'^«.'»^1@8t«:rny^'K:^ [00151 SlJi*l6BB){«M$<t5VN-H'^xT • 

m.'tim4X7--yrb . mwmi:mmLx^fa y [ o o i e i i-r , smx^WLfn^w^if-yim 

^'fc^rrsjjsfflsoe^'-fe;!^!^- - i^^v^wm mvx-^^i^&imiwt^u ^tnzx-yx-^fmim& 

i:mn.'rhm6X7-yrb. jjBfflso^'D.y^'titt XTJ^com^^mi^miLxmmthJtrdicmoxh 
t^maw'^i^Lx^i^iiM^^i^m^b tx^ zzx. smx^mmmw (distai radius) , 

^SSB7X-f-yri:S#tt. H-i- (calcaneus) , tsXtmSlW (Mndible) ^:ff<0 

[00 11 1 i^:, mmBmm^-ttfzihizm 4o smx^mm^tt. 

mti. ^y\l:>L-9X9-Yv ^'i'/J^fflgS2:*^fflL [00171 01 tc^^ii^J: d tc, 

»O^gJ*<0X«lB«S-]R#-ri.^l^X'yrt, JiE ±£fiiia2, WmV^S. t5J:VAaj^J^4S: 

#PI't>S«t:ffl«-rS'i'/jNttJggSr^^S^3 XT "/ [00181 AaJ:'Jjia4 {J^<Offiffl#i: r-r? b i& 

72:. -g-f^^ (bone densitoieter) ^mmtX^ XliiiJ-r&. ^^W:2)3Xl/Wfm^m3iiSm 

^^»/>^mm?:m-t&m4XT'yrb. im-W'i^mm xmrn^'i^^-^^-ymmLx^A^n^miB^ 

b±M-wm(^cnmmsitiVimi>m5X7' -/ r tx^tuzx -yx^^Bum^hiS^izii^^ximb 



xmmfti. 
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[0019] JiE-'N-H'^xr ■ i^X'rAifiJmxWS 
[ 0 0 2 0 ] 02 {i-4:l6BBfcflil.#ttX||B«<^/h« 

hxs>h. ^zx. smxmmmim. ^xv 
100 211 a2{c^$<xfcj: 3 XT^-^no-e, 

^S:t'{«:»t^:< , WS^<rM\^hW^ (inage blurrin 
g) *«e/Jvfl:§iiS. 

[00221 Z.Z.'m^i\iti^<r>mLXwm<r>^\^ 

^'■b/Hi. mfiHaSfcO-i-a (bone nss) tPlfficO 
^-^/P (gray level) fc-T -y tTi'^^SiL 

jBBIfc:vyty^^$n^:v^. Ltiifi-oX. xi&m»<^ 30 
[0 0 2 31SV^-CXt-)'7-2 0-C, ^aJl^tCiS^ 
xaii«TjE:)?«*»<?>5rS»C««*««?S*l&. nil 

x'^is^mt\ww^'^iix. s^immmissn 

[ O O 2 4 1 Xx >y 7-2 2-C. WL^msnSHmy-nS. 
[00251 i^V^TXr 3 OT. W't'^S^iO^/h 

[00261 Z.Ki'^t>\-^\^<.Wmfht. Xr yT- 
3 IT. iE*Jg<Ol8^j««*s^<oe^-b/PS-^^ 

Omm^rV^Ll. SmmTftS. :/Oy^'<?>-ja<^$ 
{i:^<OX«H«t:m><iS'&/|va«<^S<Z)¥i^$-C 
*S. 50 
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[0027] XX-/7-3 2-C. Sfi^'W- • V'<JVif 
0 , fis/l^- • V^VIf^ 5 5 {C^rS i 5 trta^Lfc 

testis. CiCiT. ^fxiy7X<r>yv-- V^V 

WY (background trend) im^^flh. 
[0 0281 X^•f^T^^X. B8'C,>««rt<07'D-y^'«- 

AX. ^-^xiy^izntit^^yx^- ■ v^v<rm^^ 

[00291 «^<^/|'«i^'&«e<^RSf: VXM 

m:^h^m\r^K.(rim*)xhh. ^wfrn-L^jiifi 
t>Tim^<^)^x<7)i!n\^i/^j^m:^tLh. Litif-y 

X. X|gB«t:^itS'&/hftK<0W$3&^$<tS. 

ZffM. \-xr>zrx3y9X1^tfi\i:^^Miyv-- 

V'^JViPSlSdtV^y^yy 't (three-diiensional topo 
graphy) XnM^^mmhh^t^ht. -^/hftSWi 

[0030] ^v^t:xx yr4 or, i^<^m^ffy§m 
-yxm&^iih, 

10031] Ztli:^i^mL<mm-hk. Xy-yy 

4 IX. s*fl:3n>t'i'^hfflggijJ:vm*fliS*ut^ 

«S<02»t5cfl^T-^*»1©fto;^^g*A»^«^>*i. 

^^$iTJt:'i'/J^aJgg(±Xx-yri 0^rV^L3 0 

'i«SJ4:iax;|.;l/^X«yajRH- (dual energy X-raya 
bsorptioKtry) tl^lU'^SS^ (bone densitoKter) 

[00321 !mtB<7)xil|liZ«x*;MfXfi«JRtHc: 

^XMlBMO^/jNttmSS-^-r. iOlg. -t/Jv^gg 
h'&%S<^ii»m:BS^£il^IlI^& (linear regress 
ion) tzi*)^i:>tih. ^</y~iHkLX. Smco^'h 

•C^i^XOllSl (oblique solid line) TSrf . 

[00331 mmmmm^(^f-^<^ymm 

H (statistical deviation) *^^ftSfcJ6fcZOtf^ 
[00341 Xy-vTA 2X. Wk^^i^SEmm-X. 



tih. ma. m^<^mxmm:^44mm 04 

[ 0 0 3 5 1 p]* It: J: o fc:*l|BBi7)ft«:«^«r^L 

[00361 i:j±xumLii^m\mm)miimbt& 

[00371 
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1 0 

K)Viim^\izmm-th:ih\,zX'>x. mttxaa® 

K.^mi^^^^^hf^f^i^'^^'yY ■ M^>K (ba 
ckground trend) ^W^'t&Ztil'X^i. tti. *ll 

tifiX'^i. 

[0 0 381 $^,fe:. *f|BBfc:J:<Uf. #«iXl8Hf6fc' 
B«ft«F6rfaiSgco«GiE*«ri8fct-&C:i:*«-C#S. 
[01 1 Kn^iT • i^x^K(r> 

[021 *l6Wt:«a:K^#l«XMia®«^/Nft^N-^- 

[031 #axSH®<O-«f!S-SiWSiiBB0rAI.. 

20 [04i'i'/jvea§si:'tafSf:iofflroiffi&^-r!^tt0 

[13r^<^iiBBl 
2 

3 Mi»E^gS 
4 



[011 



[03] 
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jE^rJBH'C»»«©*'t»*rt«n'*''6i:^ ^21 



—34 



,40 
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o!4 ois 0.7 

B 



y^y T)^—Y^yV^ 107- T^^—V^yY. 105- 

406 402 



